ABSTRACT. The aim of the paper is to present a control law for feedback active cont rolled structures in which a control algorithm is proposed to identify the external excitJtion with a time delay. The time duration in which the external excitation acts on the strJcture is devided into subintervals. In each subinterval the external excitation is identified and is then selected with the opposite sign as the control force for the next subinterval. The realization of the identification control algorithm in the practical application mainly deIJends on the computing capacity of the involved computer. and requires an investigation with respect to its robustness and stabilization.
Introduction
In recent years much progress and new concepts have been archieved in the development of structural control in reducing the response during excessive vibrations due to environmental loading Casciati et al. [2] , Housner et al. [6 ] , Kobori [7] . The ! control of structural motions can be done by various means. Among them passive J nd active control systems represent fundamental approaches in the use of control strategies for response reduction in structures. The first approach proposes to reduce the energy of the environmental disturbances acting on the structure by transferrl ing its part in to other structural elements (secondary systems), while the latter usi s the control counterforces produced by actuators to balance the environmental loading. Since in the first approach the structure does not receive any additional energy, the application of passive devices is usually effective up to a certain limit. A major disadvantage of the second approach is that in many cases of practihal interest, the required additional forces are too large existing actuators (for exailiple, the case of earthquake excitation). Thus, the third approach which presents the combination use of passive and active control systems leads to so called h~brid control systems as an adequate means of structural protection with a high lel el of performance against dynamic hazards.
Since the objective is to control the structural response and external disturbances are a main source producing it, one may expect that the control problem would be more simplified if both structural response variables and external disturbances could be measured during the structural motion. Thus, the case where the information on both the structural response quantities and external excitations are used for designing the control forces, leads to so called feedback-feedforward (or closed-open loop) active control.
In the classical active control the active control forces can be used not only to reduce the structural response but they can be chosen in an optimal way Yao [18] , Soong [14] . It seems that the active control problem for linear structures can be solved perfectly if there is not the following situation: it is usually that one is unable to measure the external excitation while the structural response can often be measured. Hence, it is obvious there is a need to look for new control laws to overcome this deficiency of classical optimal active control algorithms as above described. Many new and interesting control strategies and concepts have been proposed, such as reliability-based control, Spencer et al. [16] , bounded state control, Lee and Kozin [9] , Del Grosso and Zucchini [3] , parametric and predictive control, Lai and Wang [8] , Rodellar et al. [13] , adaptive control based on the intelligent devices using fuzzy logic and neural networks, Casciati, Faravelli and Yao [1] , Faravelli and Venini [4] , Fu [5] , Widrow and Lehr [17] . The aim of the paper is to present a control law for feedback active controlled structures. A control algorithm is proposed to identify the external excitation with a time.delay.
Problem formulation
SupposE1 that the feedback active controlled structures is modeled by an pdegree of freedom system whose equation of motion is described by the nonlinear differential er uation 
The free vibration of the system (2.2) is described as
where z(to), z(to) are initial displacement and velocity vectors of the structure.
Suppose that the structure is designed in such a way that one has ll zo(t ,z(to),z(to)) ll < 81 one may use methods of increasing the energy dissipation capacity to reduce the amplitudes of free vibration of t he st ructure . At present , many passive energy dissipation devices , such as fric tion sliding and metallic yield dampers have been instcdled in struct ures in order to enhance energy dissipation in structural systems Soong and Dargush [15] . In particular, one may use a part of the active control force in the form of linear velocity feedback
u1(.i(t)) = -S.i(t) (2.6)
for increasing damping in the structure. In terms of the stability theory it is supposed that the equilibrium position of the system (2.2) , z = 0 , z = 0 is stable in Lyapunov sense. Under this assumption the control problem for the system (2 .1)
is to find the active control force u(t) necessary to keep t he displacement norm below specified bounds in the presence of any disturbances less than a certain value provided that the initial values of t he displacement and velocity norms are sufficiently small. In t he m at hemat ical descript ion it means that
z(t) , z(t) , z(t))
if // z(to) ll , ll z(to)ll < c1 and such that ll z(t) II < 8
Since the undisturbanced structure is stable it is seen obviously that the best control law here would be that
Indeed with the control law (2.8) the external excitation is totally eliminated. However, as it has been mentioned above the external excitation is unknown a priori, so the best control law (2.8) can not be realized in the practical application. The idea involved in the control law (2.8), however, may be used in a modified 1~5 way. Although that the history of the external excitation can not calculated or measured in real time it can be identified piecewise with a time delay. It will be shown later the control law can be defined as
where L\ is the time delay due to the response measurement and computation of control law. In this case the sum of external excitation and control force takes the
(2.10)
It seems that if L\ is sufficiently small the total force acting on the structure will be small too. More detail will be discussed later.
Control algorithm
In this section a control algorithm will be constructed to show how the history The structural response is described by the following system (3.4) In the subinterval T1 the displacement vector is measured and velocity and acceleration vectors are calculated, thus , the external excitation can be determined from (3.4):
f1(t) = z1(t) + G(z1(t) , z1(t)).
(3.5)
In T 2 = [~::::; t::::
The structural response is described by the following system (3.7)
In the subinterval T2 the displacement vector is measured and velocity and acceleration vectors are calculated. The control force is given by (3.6 
The structural response is described by the following system (3.11) In the subinterval Tk the displacement vector is measured and velocity and acceleration vectors are calculated. The control force is given by (3.10). Thus, the external excitation can be calculated from (3.11) :
s=l .
In Tn = [(n -1)~::; t::; n~], let (3.14)
The structural response is described by the following system
Zn(t) + G(zn(t), Zn(t)) = Un(t) + fn(t) . (3.15)
In the subinterval Tn the displacement vector is measured and velocity and acceleration vectors are calculated. The control force is gi~en by (3.14). Thus, the external excitation can be calculated from (3.15):
fn(t) = Zn(t) + G(:in(t),zn(t)) -Un(t)
Since Tn is the last time subinterval of the time duration external excitation the control algorithm is terminated here.
Mathematical proof of the control algorithm
The mathematical proof of the control algorithm proposed can be set up as follows. Suppose the free vibration of the structural system (2.1) satisfied the condition (2.4) prove that if time delay ~ is sufficiently small the control force (3.10)
will yield llz(t) II ::; o . provided some conditions. It is seen that this mathematical problem is serious and is thus not solved in the paper. However, some discussions will be given here for marking the control strategy more clear. The proposed control idea is based on the intuitive consideration that the small external excitation will produce from the structure stable at the equilibrium position only small vibrations if there is no resonance or other similar mechanisms. The proposed control force can balance the external excitation if the latter has uniform bounded derivative on the time interval [O, T] and the time delay ti. is sufficiently small. In fact , denoting Thus, one has proved that if the linear structure is stable the control algorithm proposed can keep the structural response smaller than any bound provided that the initial displacement and velocity vectors and time delay .6. are sufficiently small.
Use of parallel computing
For practica.l application the identification control algorithm proposed should be transferred into-computer control algorithm which is t hen implemented in a software. As it has been seen in the previous section the effectiveness of the identification control algorithm essentially depends on the value of the time delay subinterval /::). . in which on-line measurement and computation are conducted in every step. As smaller the value /::). . smaller the controlled structural response. Thus, the problem of how to minimize the computation real time in the computer control algorithm is needed to investigate. In this context, recent remarkable progresses in computing technology may be used to solve the problem. In fact, the use of modern computing facilities allows to explore problems which were totally impractical earlier. In particular, when serial computers reach fundamental limits in performance parallel computers may be used to increases computing execution speed and accuracy. Parallel computers have been utilized in many field of engineering and in particular in control, see Proceedings of First World Conference on Parallel Computing in Engineering [12] , Pai [11] , Marsi et al. [10] . To investigate the possibility of use of parallel computing to solve our control problem let consider again the identification control algorithm. At each time subinterval once the displacement vector is known from measurement the following computations are required: a) Calculation of all components of velocity and acceleration vectors, namely, b) Calculation of all components of external excitation, namely, f
.. , fP(t).
It is obvious that all the computation requirements involved .in a) and b) can straightforward be conducted in parallel computing. Thus, the parallel computing block can be defined as follows. Suppose the computer has m processors: The identified external excitation in the current time subinterval will be selected with opposite sign as the control force for the next time subinterval.
Numerical simulation
For the numerical simulation we consider a single degree of freedom structure subjected to deterministic excitation. Thus, the external excitation force is taken 200 in a sinusoidal form:
The equation of motion of the structure is described by the following second order differential equation · 
Conclusion
In recent years much progress and new concepts have been archieved in the development of the structural control in reducing the response during the excessive vibr. ation due to environment loading such as earthquakes and winds as above described. Although many new and interesting control strategies have been proposed, there is always a need to look for new control laws to overcome the deficiency of the classical optimal active control algorithms. The aim of the paper is to present a control law for feedback active controlled structures in which a control algorithm is proposed to identify the external excitation with a time delay. The time duration in which the external excitation acts on the structure is devised into subintervals. In each subinterval the external excitation is identified and is then selected with the opposite sign as the control force for the next subinterval. The realization of the identification control algorithm in the practical application mainly depends on the computing capacity of the involved computer and requires an investigation with respect to its robustness and stabilization.
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